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Supplementary Materials
Condensate order parameter
The mean-field order parameter of a spin-1 Bose-Einstein condensate (BEC) may be written as Ψ(r, t) = ψ(r, t)ζ(r, t) = n(r, t)e iφ(r,t) ζ(r, t)
where ψ is the scalar order parameter, n is the particle density, φ is the scalar phase, and ζ is the three-component spinor satisfying ζ † ζ = 1. The preceding are functions of space and time denoted by the coordinates r and t, respectively.
Spin texture
We work with a ferromagnetic BEC in the presence of the externally applied magnetic field B(r , t) = B q (x , y , z ) + B b (t)
where, as in the main text, the condensate is taken to be at the origin of the rescaled coordinate system x = x, y = y, and z = 2z, with the corresponding spherical coordinates labeled by r , θ , and ϕ . The term B q = (x x + y ŷ − z ẑ )b q is a quadrupole magnetic field of constant strength b q , and B b is an additional uniform magnetic field. We assume that initially
where Z is the axial Thomas-Fermi radius of the condensate. Hence, in the prepared strong-field-seeking state, ζ F = (1, 0, 0) T z , the condensate is essentially spin polarized with all spins pointing in the +z direction. The zero point of the magnetic field is subsequently brought to the origin so quickly that the spins accurately retain their alignment during this nonadiabatic ramp. After the ramp, the field zero is held at the origin, and the spins precess about the direction of the local magnetic field. This rotation is described by the unitary operator
S-1 where F = F x x + F y ŷ + F z ẑ is the vector of standard spin-1 matrices,n = sin θ cos ϕ x + sin θ sin ϕ ŷ − cos θ ẑ is the direction of the external magnetic field, and ω L t is the local angle of rotation. The Larmor frequency is written as ω L = g F µ B b q r / , where g F is the Landé gfactor, µ B is the Bohr magneton, and is the reduced Planck's constant. The exact form of D is obtained analytically, but it is not represented here for brevity. Note that the local direction of the spin at any time is given by S(r , t) = ζ † (r , t)Fζ(r , t).
The operation of D on the initial spinor (1, 0, 0)
where we have defined
, corresponding to a full −2π rotation of the spin at r = R. In this case the condensate hosts a three-dimensional skyrmion in the ball B 3 (0, R) where the particle density is nonzero.
Synthetic gauge potentials
The synthetic vector and scalar potentials are given by (32)
and
respectively, whereγ = ∂γ/∂t = g F µ B b q / is a constant. In this gauge, the equipotentials of Φ * are planes of constant z . Note that the synthetic potentials act through the expressions for S-2 the momentum p and Hamiltonian H,
respectively (32).
At the Larmor time T L the outer edge of the skyrmion is at the radial boundary of the condensate, and we have γ(T L ) = −2π/R. Defining the reduced radial coordinate ξ (r ) = r /R, the vector potential becomes
Similarly, the scalar potential may be expressed as
Synthetic electric field
The synthetic electric field is given by
The absence of a radial component in E * constrains the field lines to surfaces of fixed-radius spheres. At time T L , the electric field assumes the form
Note that E * = 0 on a sphere of radius ξ = 1.
S-3

Synthetic magnetic field
The synthetic magnetic field is expressed as
At time T L , this reduces to
We note that ∇ · B * = 0, i.e., there are no synthetic magnetic monopoles (25) present in the system. Apart from a constant factor and the topologically trivial transformation into the primed coordinate system, the synthetic magnetic field derived here equals that considered in Ref. 
Maxwellian synthetic electric charge density
As mentioned in the main text, we apply Gauss's law to calculate the Maxwellian synthetic charge density. We find
where * is the permittivity of the material being simulated. The Maxwellian charge density vanishes at the skyrmion boundary.
S-4
Maxwellian synthetic electric current density
The Ampère-Maxwell relation yields the Maxwellian synthetic current density
where µ * is the permeability of the material being simulated. We break this into two terms. The first term due to ∇ × B * assumes the form
This reduces to
Next, we simplify the term involving ∂E * /∂t into
Superfluid velocity
Consider the gauge transformation In the absence of other external potentials, this gauge directly yields the superfluid velocity
Like the electric field, the superfluid currents lie on surfaces of fixed r . ation, top view, quantized along +y. Experimental (A) and simulated (B) column particle densities in spin states quantized along +y for an in-trap evolution time of 108 µs. The maximum pixel intensity corresponds to column densities in excess ofñ p = 1.0 × 10 9 cm −2 and the field of view is 657 µm × 219 µm. Experimental [(C), (E), (G), and (I)] and simulated [(D), (F), (H), and (J)] images are shown in the fashion of (A) and (B), respectively, for the evolution times indicated.
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